We will be designing robotic swimming and flying devices that would mimik fish and birds.
Professor Baruh B3 (2 projects) Balloon Data Collection System
In this project, we will purchase a balloon that can be flown that FAA allows to be flown over large areas. We will place data collection equipment on the balloon. The equipment will measure altitude, temperature, pressure, humidity, and density. This information will be downloaded on a data acquisition system. An imaging system consisting of a camera and GPS device will take pictures periodically and develop databases for crop growth, temperature and pressure patterns, construction projects, and other pertinent data. Students who build the system will also analyze the data they collect to analyze trends.
Wheelchair Modification
In this project, students will take an existing wheelchair and add a power system (motor, controls, data acquisition) kit to it to make the wheelchair easier to navigate for disabled patients. The idea is to produce a kit that can be sold separately from a wheelchair and installed easily. The total cost of the modified wheelchair will be far less than a motorized wheelchair that is commercially available.
Professor Benaroya B5

Mechanism for Asteroid Capture Spacecraft
There is some interest in the capture of a small asteroid and to then either mine it locally or transport it into orbit around the Moon. One of the key elements of the design of such a spacecraft is the mechanism that will be used to surround the asteroid and brace it for mining or transport. We have a spacecraft concept in mind, but are open to the mechanism for capture. We will need to consider options for the capture architecture, and the mechanism, which will need to be designed, fabricated and demonstrated.
Professor Bottega B7
Wind Walkers
The section will be divided in to 2 groups. The 2 groups will design, build and compete for the fastest and most efficient wind driven walking machine under a given range of including sizes and materials. the two designs will compete at the end of the academic year. They will race over a specified distance and course.
Professor Cook-Chennault C1 (2 projects)
Project 1 Multipurpose Carrier
The purpose of this project is to design a carrier that can climb stairs, elevate and turn/twist without dropping the contents.
Project 2 Extend, stretch and dry blower
The purpose of this project is to design a dryer assembly that can lengthen, stretch and dry a material. The device must provide high drying rate within a compact size.
Professor Cuitino C3
Professor Denda D1
Design of a Bio-inspired Miniature Flapping Flyer
The goal of the project is to construct a miniature flyer using a flapping mechanism. Our past miniature flapping flyers used the traditional driving mechanism consisting of motors, gears and cranks. However, insects do not use any one of these in order to remain extremely light. The emphasis of the project is to invent a bio-inspired flapping mechanism, such as the click mechanism of houseflies, and use this to build a flapping flyer. The members have an access to MATLAB programs to predict the flight performance of flapping flyer before they construct the models. They can also use a huge data base on high-speed insect flight movies to pick up the best flight strategy used by insects, verify it by the computer program, improve the strategy if necessary, and implement it in the design of flapping flyer. Prerequisites: Hands on experience with electronic and mechanical gadgets Other Recommended Skills: ANSYS, SolidWorks, Programming (MATLAB or other mature languages),
Professor Diez D3
Unmanned Air Vehicle (Special Permission Required)
In this project, the students will design, build and test a novel small unmanned aircraft vehicle (UAV). The platform will most likely be a quadcopter platform but the final details of the platform will be chosen by advisor and students at the beginning of the semester. The project will need to meet the requirements of our sponsor. These requirements include flight performance envelope and operation endurance. Requirements: basic knowledge of Arduino programming, basic understanding of flying UAS, basic programming skills in MATLAB, and basic machine shop training.
Professor Drazer D5
Measuring permeability and hydrophobicity of powders.
Design a system to: (1) measure air and liquid permeability of a powder column and (2) measure spontaneous water penetration into the column due to capillarity. The system should be automated and programmable through (Labview or similar). Capabilities should include the analysis of front penetration and pressure evolution. Interest and possible sponsors: Pharma and Food industries.
Professor Esfarjani E1
Design and optimization of an absorption refrigerator
In the early 1900's, Szilard and Einstein developed 3 patents on absorption refrigerators in order to avoid the use of toxic gases in compressor-based refrigerators. In addition, the required source of energy to pump heat is a heat source instead of electricity. In other words, an absorption refrigerator does not require electricity, has no moving mechanical parts, and works only with a hot source such as fire! This project has 2 parts: 1) Performing a systematic search over the absorption and coolant materials and their range of applicability, in order to identify working pairs and their temperature range of operation, as well as their safety and cost. Designing accordingly using a CAD software. 2) Fabrication of the refrigerator based on the design after a materials choice has been made.
Students will learn:
The thermodynamics principles behind an AR, and some chemistry.
Background requirements: basic knowledge of thermodynamics and chemistry, familiarity with the concepts of phase change, latent heat, and thermodynamic principles of heat pumps, and heat exchangers.
Professor Gea G1
Professor Guo G3
Design and Analysis of Thermoelectric Devices
The thermoelectric effect is an interchange between temperature differences and electric voltage. A thermoelectric device creates voltage when there is a different temperature on each side. Conversely, when a voltage is applied to it, it creates a temperature difference. The term "thermoelectric effect" encompasses three separate effects: Seebeck Effect, Peltier Effect, and Thomson Effect. These effects are actively studied for use in valuable technologies, primarily cooling as well as power generation. Because the direction of heating and cooling is determined by the polarity of the applied voltage, thermoelectric devices are efficient temperature controllers. The objective of this project is to design, build, and analyze a small heating/cooling device using thermoelectric effect. Examples include thermoelectric coolers, solar power generators, etc.
Professor Jaluria J1 (2 projects) Wind Energy System
Design of a system to demonstrate the use of wind energy to pump water. The system consists of the wind turbine, energy storage and arrangement to pump water to a given height. The wind may be simulated by means of an electric fan. The system is to be designed, optimized, fabricated and tested.
Cooling System for Electronic Equipment
A cooling system for heat removal from electronic components and devices is to be designed and fabricated to achieve temperature control of the devices. For a given high level of heat flux input, the fluid, phase change and the cooling arrangement are to be determined. The requirements on maximum temperature and uniformity in the devices are to be met, within the space and cost constraints. Conceptual Design A literature survey will be performed to assess the state-of-the-art in supersonic vehicles.
Preliminary Design A preliminary design will be completed by the eighth week of class and submitted to the instructor as a report.
Final Design
The _nal design including all drawings and speci_cations will be completed by the end of the Fall semester and submitted to the instructor as a report. The report will include all parts and budget.
Fabrication and Testing
Fabrication and testing will be performed during the Spring semester. All tasks will be completed by the end of the twelfth week.
Final Report
The final report will be due during the last week of class.
Tasks
The following tasks will be performed: 1. CAD model of vehicle 2. Grid generation for vehicle in wind tunnel to be used for Computational Fluid Dynamics (CFD) analysis 3. CFD simulation and analysis of model in wind tunnel at Mach 3.5 4. Rapid prototyping of model 5. Design of instrumentation and data collection for measuring stagnation pressure on vehicle 6. Design of sting to hold model in wind tunnel 7. Solid mechanics analysis of model and sting in wind tunnel 8. Maintain up-to-date budget ($500 max) 9. Maintain Sakai website with all results
Meetings
There will be weekly meetings with the instructor. Each member in turn will make a 15 min PowerPoint presentation including the following information: 1) Tasks accomplished during the previous week, 2) Tasks assigned for the next week (each person named), 3) Technical challenges and questions.
Professor Lee L1 Scalable Desktop 3D Printer
Description: 3D printing refers to techniques to create 3D physical parts and products directly from computer-aided-design (CAD) models by joining materials in a layer-bylayer fashion. In this project, we aim to develop a compact, affordable, and scalable desktop 3D printer using an off-the-shelf digital data projector. To overcome typically small build area of a 3D printer, a 3-axis translational stage and automatic optical system will be designed to extend coverage area of the 3D printer.
This is a great opportunity for students who seek for hand-on experience in mechanical design, instrumentation, and programming. The project involves design and assembly of the mechanical structures for optical components and stages (50%), automation of the process via controller programming (25%), and establishing manufacturing process parameters (25%).
Prerequisites: Familiarity with instrumentation and microcontroller programing (Labview, Arduino, Python, or other similar platform that drives motors/stages from PC), CAD software (AutoCAD, SolidWorks, etc), basic machining skill, basic understanding of material behavior.
Professor Lin L2
We will design and implement an on-stage heater-cooler for cell incubation. Here "onstage" indicates that the device is mounted on a microscope stage for observation. The device will be based on Peltier heating/cooling mechanisms and a feedback-control circuit will be implemented for temperature control. Ideally, the device can heat up to 80 celcius or cool to a few degree below freezing. The device is designated for biological studies using microscopy
Professor Liu L3
Design a heat exchanger of maximum power/cost performance
We have two reservoirs of water of different temperature 10K. If cold water is pumped through a pipe immersed in the hot water, heat exchange occurs through the pipe wall. Let Q be the amount heat exchanged per unit time, and C be the cost which includes the cost of pumping cold water to flow (assume the heat exchanger will operate 50 years) and material cost of the pipe. The performance factor is defined as
The project is to design, build, and demonstrate the pipe with maximum performance factor P. The design parameters include the length, diameter and thickness of the pipe. The material is chosen to be copper.
The design may be applied to build thermoelectric electricity generator of better performance.
Professor Mazzeo M1
Professor Muller M4
Professor Norris N1
Design of an acoustic beamformer.
A small array of microphones, e.g. 4 in a straight line, are digitally controlled to preferentially hear in a desired direction. The "beamforming" is done using a PC, Matlab, freeware (Audacity,...), amplifier(s). The final device will be useful for hearing a speaker in a crowd, ignoring sound from some directions, and related uses. You will learn how to combine signal amplifiers, microphones and digital programming.
Professor Pelegri P1 Hummingbird VTOL-UAV
The goal is to design a UAV capable of VTOL (vertical take off and landing) that maximizes flight time, payload and mobility. We will maximize flight time by combining the benefits of traditional multi rotor aircraft with a wing structure to help provide lift for sustained flight. Combining these two concepts will provide a more flexible air frame than conventional multi rotor aircraft, while keeping the desirable traits of VTOL.
Professor Shan S1
Apparatus for thermal conductivity measurements of thin specimens
The device is intended to measure the thermal conductivity (in one direction) of thin composite specimens. It should measure the heat flux through a known reference material, and, by measuring the temperature difference across the unknown specimen for the given heat flux, be able to extract the conductivity.
Professor Shojaei-Zadeh S3
Unmanned Underwater Vehicle
The goal is to design and construct UUVs with advanced capability and maneuverability.
Professor Tse T1
Violin Acoustics and Vibrationally-Accelerated 'Aging'
For centuries, violin (and guitar) players have recognized that the PLAYING of an instrument significantly improves the sound quality of that instrument over time.
Presumably the act of playing induces irreversible structural changes in the wood that alter the way in which the stringed instrument produces sound. Limited studies have attempted to relate playing or other types of mechanical input with changes in vibrational behavior and sound quality. The students will design and build the vibration system, as well as identify the key locations on the instrument and input frequencies that will optimize vibrational "aging." Sensors will be used to characterize the frequency spectrum response of the instrument. Additionally, visualization of Chladni patterns on a working instrument (before and after) will quantify the "aging" process.
Professor Weng W1 High Strength, Light Weight Cylindrical Pressure Vessel with Fiber-Reinforced Composites
Project Description: For space applications or other environments where both light weight and high strength are essential factors for consideration, fiber-reinforced polymer composites often provide one of the best choices as compared to traditional materials such as steel or aluminum. In this project, we will first learn the basic principles of fiber reinforced composites, and then apply them to construct a spherical pressure vessel subjected to a prescribed internal pressure. For optimal design, an in-plane orthotropic laminated construction needs to be sought for. Through analysis based on the stiffness and strength of fibers and polymer matrix, an optimal design will be developed. Based on this conceptual design, we will then proceed to build the pressure vessel with multilayered cross-ply configuration. The critical design factors are to build the strongest and largest possible vessel within the allocated budget so that it can contain the maximum amount of substance under high pressure without burst. The developed pressure vessel will be tested, and its functions will be compared with those of stainless steel.
Professor Yi Y1
Professor Zebarjadi Z1 (2 projects)
1-Hybrid solar water and electricity generation for household applications
Thermoelectrics are solid-state devices used to convert thermal energy into electricity. The aim of the project is to add these devices as topping cycle and in parallel to solar heat pipes. Solar heat pipes are used to concentrate solar light thermally and to increase the temperature of water for household hot water usage. Within this project we will combine solar water heating using evacuated heat pipes with thermoelectric modules to co-generate electricity and hot water.
2-Miniaturization of Kelvin water dropper
Kelvin water dropper originally developed by Lord Kelvin to mysteriously convert gravitational energy to electricity by using only metallic buckets and water flux. The aim of the project is to scale down this setup for power generation at small scales (mili to micron).
Professor Zou Z3
